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INTRODUCTION 


The nickel-zinc battery system offers potential advantages 
for electric vehicles and other applications . This program was 
directed at the construction and limited testing of 100 to 300 
ampere-hour nickel-zinc cells. The program was divided into 
the following tasks: 


Task I 
TASK II A 
B 


TASK III 
TASK IV 

TASK V 
TASK VI 


3 experimental 100 ampere-hour cells 
6 experimental 300 ampere-hour cells 

4 second generation experimental 300 
ampere-hour cells 

Test and evaluation of the above cells 

Fabrication of 7,300 ampere-hour cells 
for delivery for NASA 

Reports 

Fabrication and delivery of 135, 300 
ampere-hour cells 


All the cells were constructed with Government furnished 
inorganic separator material, and sintered nickel positive 
electrodes. The cells constructed for Task II B and Task VI 
utilize a Government furnished injection molded cell case and 
cover. The cell design and fabrication procedure for the zinc 
negative electrodes utilized in all the cells was specified 
in the contract. 
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TASK I - Fabrication of 3 experimental 100 ampere-hour 
nickel-zinc cells 

The lOO ampere-hour cells were constructed in accordance 
V7ith the specification listed in Table I, The cell containers 
were fabricated from 3/8" thick polysulfone plastic. The 
negative electrodes were prepared according to the NASA fibri- 
carion procedure, attached is Appendix A. The separator bags 
for the negative electrode which utilize the inorganic separator 
were prepared by epoxy bonding; an ABS plastic frame to two 
layers of the sepatator material as shown in Figure 1. This 
technique was utilized for all the cells constructed in the 
program. The ABS frame thickness was selected to be equal to 
the nickel or zinc electrodes thickness and its absorbent 
separator layer . 

The three lOOAhr cells were filled each with 500 cc 
of 31, 33 and 35% KOH containing 1% LiOH and then placed in 
an oven at 150°P. for 16 hours to complete the wetting cycle. 

After an additional 48 hours of soaking they were charged at 
5.3A for 24 hours. They were then discharged at 12 OA, to 1.50 
volts followed by draining at lOA to 1.50 volts. The charge 
rate was kept at 5.3A for 24 hours or to a voltage cut-off 
of 1.92 volts. No cell reached this cut-off during charge. 

Table II summarizes the results. 
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TABLE I 

lOOAH Cell Specifications 


Cell Dimensions 
Overall Height 
. Case Height 
Case Width 
Case Depth 
Wo. of Electrodes 
Electrode Sizes 

Inside Positive 
Outside Positive 


100 Amp ■ Hr . 
13.0 in. 
12.25 in. 

7.0 in . 
1.062 in. 

5 Pos/4 Neg 

5.875 X 9.62 x 0.070 in. 
5.875 X 9.62 x 0.035 in. 


Negative 6.125 x 9.87 x 0.067 in. 

Negative Electrode Material 113-115 grains 

Note - Negative electrode thickness dependent 

upon absorber mat thickness. 

Separator Bag Size 6.50 x 10.25 in. 

Absorber Materials on Positive 2530 Polypropylene .012" thick 
Absorber Material on Negative 

ERC prepared KT (potasiuiu titanate sheet) .010 in thick 
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TABLE II 
lOOAhr Results 


Cell No, Elec. Cone. Capacities - Ahr 





**120A/*10A 

60A/*10A 

30A/*10A 

100 - 

1 

31% 

60.3/108 

90/109 

110/110 

100 - 

2 

33% 

60.3/109 

90/111 

110/115 

100 - 

3 

35% 

60.3/108 

,90/113 

110/117 


*Represents the sum of the two capacities 
**Discharge carried cut to 1.40 volts 
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Based on the results obtained during the initial tests,, 
these cells were subjected to a pulse discharge cycle regime. 

After 4 pulse cycles v;ere completed, the cells developed 
shorts and the testing was discontinued. 

Dissection of the cells showed that zinc had penetrated 
through the bottom portion of the sealed inorganic separator 
bag. Evidence of zinc shorting could also be seen at the 
edges of the bag seal as well. Some evidence of positive plate 
wrapping was also seen. 

The cause of the shorting in the lOOAhr ceils was traced 
to use of inorganic separator materials from the beginning of 
the separator roll which had only been coated once. The 
normal material is prepared with a double dip coating. 

TASK II A - Construction of 6, 300 ampere-hour cells 

The six experimental 300 ampere-hour cells were constructed 
using 3/8" thick polysulfone fabricated cell cases as shown in 
Figure 2. The cell design is shown in Table III. Figure 3 
shows the positive electrode utilized. The first 300 ampere- 
hour cell was subjected to testing and dissection before the 
balance of the cells were completed. The cell contained non- 
woven polypropylene as the separator material on the positive 
electrodes. Dissection of this cell revealed that the positive 
electrode tended to dish placing a compressive load on the 
separator edges. To overcome this all subsequent cells of 
the program contained positive electrode that had the screen 
side inward to reverse the bow. 
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Case Material 
= Polysulfone 

Figure 2 
300 Ah CELL 
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TABLE III 

300AH Cell Specifications 


Cell Dimensions 
Overall Height 
Case Height 
Case Width 
Case Depth 
No. of Electrodes 
Electrode Sizes 
Inside Positive 
Outside Positive 
Negative 

Negative Electrode Material 
Separator Bag Size 
Absorber Materials on Positive 


300 Amp . Hr . 

13.0 in. 

12.25 in. 

7.0 in . 

2.812 in. 

14 Pos/13 Neg. 

5.875 X 9.62 x 0.070 in. 

5.875 X 9.62 x 0.035 in. 

6.125 X 9.87 X 0.067 in. 

113-115 grains 

6.50 X 10.25 in. 


2530 Polypropylene 2 x .006 {Cells - 1 - 4) 

Fuel Cell Asbestos 0.010 in. thick (Cell 5 & 6) 

*As manufactured by the Pellon Corporation. 

Absorber Material on Negative 


EEC KT 


.010 in thick 
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This was accomplished by removing the tabs on half the 
positive electrodes and placing new tabs on the opposite 
corner. To place the new tabs it was necessary to grind off 
the nickel sintered active material to spot weld the tabs 
directly to the screen. 

A further observation made on the first cells was the 
inorganic separator material tended to delaminate from the 
frame in the layers of the asbestos. To overcome this all 
subsequent cells contained an ABS frame around the positive 
electrode to provide some compression on the edge seal of 
the inorganic separator material. Cells 2 , 3, and 4 contained 
two layers of 6 mil polypropylene wrapped around a positive 
electrode with the ABS frame. Cells 5 'and 6 contained untreated 
asbestos absorber around the positive electrodes which was 
epoxy bonded to an ABS frame of equal thickness to the positive 
electrode. 

TASK III - Testing and evaluation of the 6 experimental 
300Ahr Cells 

Table IV shows the test procedure used to test the 
cells. 

The first 300Ahr nickel-zinc cell was filled with 1500 cc 
of 31% KOH + 1% LiOH and allowed to soak for 72 hours includxng 
16 hours at 150®F prior to placing the cell on charge. 
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T7iBLE IV 
TEST PROCEDURES 


Cell Formation Procedures 

The cells shall be formed and tested as detailed herein. 

Formation Cycle No. 1 - Charge the cells at 16 amperes to 1.91- 
1.92 volts or for 24 hours whichever occurs first. Discharge 
the cells at 135 amperes (1.5ma/sq. cm) to 150 volts, then at 
30 amperes to 1.50 volts. 

Forjnation Cycle No. 2 - Same as Formation Cycle No. 1, 
Performance-Characterization Test 

Following the second formation discharge, the cells shall be 
charged at 16 amperes to 1.92 volts or for 24 hours whichever 
occurs first. The cells shall then be discharged at 360 
(40ma/sq.cm) , 180 {20ma/sq.cm) , and 90 (lOma/sq.cm) amperes to 
1.50 volts, followed by draining at 30 amperes to 1.50 volts 
after each test. Cells shall be charged at 16 amperes to 1.92 
volts between discharges. The discharge voltage shall be con- 
tinuously recorded as a function of time at the constant current 
drain rates . 

Cycle Life Testing 

The 300-ampere-hour cells shall be cycled continuously on the 
regime outlined below: 
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TABLE IV 
(continued) 


Charge Schedule : 

The cells shall be charged at 20 amps until the cell voltage 
reads 1.92 volts. By means of a manual timer on the cycling 
equipment, the Contractor shall charge the cell so that on each 

cycle the input shall be approximately 105% of the output of the 
previous cycle. 

Discharge Schedule ; 

(a) Discharge at 30 amps for 1 second 

(b) Discharge at 200 amps for 4 seconds 

(c) Stand on open circuit for 7 seconds 

Items (a) through (c) together shall constitute one discharge 
pulse. The discharge pulses shall be repeated until the load 
voltage of any cell falls to 1.5 volts. 
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The cell was charged at 16A for 24 hours and then dis- 
charged at 135A, 360A, 180A and 90A to 1.50 volts on each of 4 
deep discharge cycled followed by draining at 30A to 1,50 volts 
after each cycle. 

Table V shows the results of these discharges. 

Following the deep discharges, the cell was placed on a 
pulse cycle regime. The results are shown' in Table VI. 

At cycle 6 , the lov/ voltage cut-off was lowered to 1.40 
volts. After 3 discharge pulse cycles the cell was reaching the 
high voltage cut-off on charge at 1.92 volts. After 20 cycles, 
the ECV cut-off was raised to 2.00 volts. 

Cell No. 1 failed after 43 pulse cycles and testing was dis- 
continued. Capacity began dropping after 33 cycles and at cycle 
43 capacity had fallen to 91.5Ahr. At cycle 43, the charge volt- 
age rose to only 1.82V and after 24 hours of stand the voltage 
dropped to O.IV. The cell had developed internal shorts. 

Cells 2-6 were filled with 1550 cc of 31% KOH heat treated 
and placed on test. Cell #2 was initially placed on the pulse 

V 

cycle test. Table VII shows the discharge results of this cell. 

The end of charge voltage declined after cycle 20 indicating a 
short. The testing was terminated after cycle 26. Cell 3-6 
were initially discharged at 135 and 90 amps as shown in Table 
VIII - XI and then placed on cycle test. 

Cell #3 shorted after 9 cycles and was dissected. The 
data is presented in Table XII. 

Cell #3 was placed on charge stand after cycling for three 
days after which time the open circuit voltage dropped to 1.78 volts 
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TEST RESULTS OF CELL #1 


(AH) 


Time (min) 

5 

30 

60 

110 

120 

150 

190 

215 

240 , 

250 


Volts (135 Amp) 
( 30 Amp) 

1.625 

1.575 

1-55 

1.50 

1.63 

1.624 

1.60 

1.58 

1.56 

1.50 

(278.5) 

Time (min) 

2 

5 

10 

15 

20 

60 

180 

300 

420 

450 


Volts (360 Amp) 
( 30 Amp) 

1.47 

1.45 

1.42 

1.40 

1.62 

1.68 

1.66 

1.63 

1.57 

1.50 

(336) 

Time (min) 

5 

10 

20 

55 

65 

90 

120 

180 

240 

300 

370 

Volts (180 Amp) 
( 30 Amp) 

1.60 

1.56 

1.54 

1.52 

1.50 

1.66 

1.66 

1.64 

1,63 

1.60 

1.50 (357) 

Time (min) 

5 

60 

120 

180 

205 

240 

265 





Volts ( 90 Amp) 

1.69 

1.62 

1.60 

1.54 

1.50 








( 30 Amp) 


1.55 


1.50 


(338) 
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TABLE VI 


Ni-Zn 300Ah Cell No. 1 

30A 

for 

1 

sec. 

0. 231Ah/pulse 


200A 

for 

4 

sec. 

(to 1.500V) 

Pulse Discharge 

open 

for 

7 

sec. 






No, 

CAPACITY 

CYCLE NO. 

CHARGE 

ECV 

PULSE 

Ah 


1 

16A 

for 

24 

hrs 

1.8B5 

945 

218 



2 

16A 

for 

16 

hrs 

1.900 

1359 

314 



3 

16A 

for 

22 

1/4 

1.920 

1349 

311 



4 

16A 

for 

20 

1/2 

1.920 

1306 

303 



5 

J.6A 

for 

20 

3/4 

1.920 

1232 

284 



6 

16A 

for 

18 

1/4 

1.920 

1527 

354 

Low limit IS 
1.400V 

changed to 

7 

16A 

for 

21 

3/4 

1.920 

1214 

280 

1.495V stop discharging 
manually 

8 

16A 

for 

18 


1.920 

1390 

322 



9 

16A 

for 

21 

1/2 

1.920 

1367 

316 



10 

16A 

for 

21 

1/4 

1,920 

1357 

,313 



11 

16A 

for 

21 


1,920 

1332 

308 



12 

16A 

for 

20 

1/2 

1.920 

1355 

313 



13 

16A 

for 

21 

1/4 

1.920 

1375 

318 



14 

16A 

for 

19 


1.920 

1335 

309 

input 304Ah 


15 

16A 

for 

19 


1.920 

1313 

303 



16 

16A 

for 

19 


1.920 

1334 

308 



17 

16A 

for 

18 

1/2 

1.920 

1272 

294 

input 296Ah 


18 

16A 

for 

17 


1.920 

1156 

267 

input 27 2Ah 


19 

16A 

for 

17 


1.920 

1212 

279 



20 

16A 

1 

for 

24 


1.940 

1360 

314 

High limit is changed to 
2.000V input 383Ah 

21 

16A 

for 

24 


1.960 

1371 

316 



22 

16A 

for 

20 

1/4 

1.970 

1278 

295 



23 

16A 

for 

18 


2.003 

1249 

289 

input 288Ah 


24 

16A 

for 

18 


2.003 

1228 

284 



25 

16A 

for 

17 

1/6 

2.003 

1206 

278 

input 274Ah 


26 

16A 

for 

16 

3/4 

2.000 

1137 

262 

input 268Ah 


27 

16A 

for 

16 

1/2 

2.00 

’ 1113 

257 

input 264Ah 
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TABLE VI 
(Continued) 


CYCLE NO. 

CHARGE 


ECV 

No. 

. PULSE 

CAPACITY 

Ah 


28 

16A for 

15 

5/6 

2.00 

1096 

253 

2557^ input 


29 

16A for 

i 

1 

1 

15 

1/4 

2.00 

1075 

248 

2 44 Ah input 
discharge to 

30A fully 
0.5V 75Ah 
Total 323Ah 

30 

i 

16A for 

20 

1/2 

2.00 

1103 

255 

328Ah input 


31 

16A for 

15 

1/2 

2.00 

1083 

250 



32 

16A for 

15 


2.00 

1045 

242 



33 

16A for 

15 


2.00 

686 

158 

Cell No. 2 Start 

34 

16A for 

15 


2.00 

771 

178 



35 

16A for 

15 


2.00 

890 

205. 



36 

16 A' for 

15 


2.00 

716 

165 



37 

16A for 

15 


2.00 

743 

171 



38 

16A for 

15 


2.00 

716 

165 



39 

16A for 

15 


2.00 

798 

184 



40 

16A for 

15 


2.00 

637 

147 



41 

IGAfor 

17 


2.00 

500 

115 



42 

IGAfor 

17 


2.00 

326 

75.4 



43 

16Afor 

24 


1.820 

395 

,91.5 
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TAB LB VII 

NICKJ3L-ZXNC 300Ahr CELL NO. 2 
Pulso Discharge 

NO. CAPACITY END OP DISCHARGE 

CYCLE NO. ■ CHARGE ' ECV PULSE Ahr VOLTAGE 1.4V 


1 

16A 

for 

12 

hrs. 


686 

158 



2 

16A 

for 

12 

hrs. 


771 

178 



3 

16A 

for 

12 

hrs. 


890 

205 



4 

16A 

for 

12 

hrs. 


716 

165 



5 

' 16A 

for 

12 

hrs . 


743 

171 



6 

16A 

for 

17 

hrs. 


' 716 

165 



7 

16 A 

for 

17 

hrs. 


798 

184 



8 

16A 

for 

17 

hrs. 


637 

147 



9 

16A 

for 

17 

hrs. 


500 

115 



10 

16A 

for 

17 

hrs. 


326 

75.4 



11 

16A 

for“ 

-24 

hrs. 


395 

91.5 



12 

16A 

for 

18 

hrs . 


714 

164 



13 

16A"-for- 

12 

hrs. 

2.00 

840 

194 



14 

16A 

for 

11 

1/4 

2.00 

777 

179 



15 

16A 

for 

16 

hrs. 

2.016 

1029 

238 

valve 

open 

16 

16A 

for 

16 

hrs. 

2.015 

869 

201 



17 

16A 

for 

15 

1/2 

2.018 

796 

184 



18 

16A 

for 

15 

1/2 

2.01 

938 

217 



19 

16A 

for 

15 

1/2 

2.01 

859 

199 

valve 

closed 

20 

16A 

for 

16 

hrs. 

2.02 

867 

200 



21 

16A 

for 

16 

hrs . 

1.94 

578 

134 



22 

16A 

for 

16 

hrs. 

1.90 

909 

210 



23 

16A 

for 

16 

hrs. 

1.91 

781 

180 



24 

16A 

for 

11 

1/6 

2.00 

544 

126 

Check 

Shorting 

25 

16A 

for 

7 : 

L/2 

2.00 

500 

116 



26 

16A 

for 

7 hrs. 

2.00 

448 

103 
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TABLE VIII 


Time (min) 

Volts (135 Amp) 
30 Amp) 


10 20 
1.56 1.54 


TEST RESULTS OF CELL #3 

40 60 63 90 120 160 195 

1.53 1.51 1.50 

1.63 1.59 1.53 1.50 


Time (min) 30 60 90 120 180 200 230 270 320 350 

Volts ( 90 Amp) 1,56 1.58 1.58 1.56 1.54 1.50 

( 30 Amp) 1.54 1.57 1.50 1.50 


Time (min) 30 60 90 120 150 180 210 225 

Volts ( 90 Amp) 1.60 1.60 1.57 1.54 1.50 


(All) 


(239.5) 


(375) 


( 30 7\mp) 


1.59 


1.58 


1.50 


(260) 
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TABLE IX 


TEST RESULTS OF CELL #4 


Time (Mxn) 

10 

20 

40 

50 

60 

63 

90 ’ 

180 

240 

300 


Volts (135 Amp) 

1.56 

1.54 

1.52 

1.52 

1.51 

1.50 






( 30 Amp) 







1.63 

1.60 

155 

1.50 

(245) 


Time (Min) 


Volts 


90 Amp) 


( 30 Amps) 


30 60 

1.60 1.58 


90 

1.57 


120 

1.56 


180 

1.54 


200 230 

1.50 


290 


320 


350 


1.58 1.56 155 1.50 (375) 


Time (Min) 30 60 90 105 120 150 180 195 200 

Volts ( 90 Amp) 1.60 1,60 1.57 1.54 1.52 1.50 

( 30 Amp) 1.59 1.55 150 


(260) 
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TABLE X 


TEST RESULTS OF CELL #5 


Time (min) 

10 

20 

30 

40 

50 

60 

82 

140 

290 

380 

425 

(AH) 

Volts (135 Amps) 

1.56 

1.54 

1.54 

1.53 

1.53 

1.52 

1,50 






( 30 Amps) 









1.60 

1.58 

1.50 

(356) 


TIME 

D 

“ Volts 

OQ 

fO 

z 

o 

(Min) 
( 90 
( 30 

Amps) 

Amps) 

30 

1,60 

120 

1.57 

180 

1.56 

200 

1.50 

290 

1.62 

305 

1.62 

360 

1.60 

420 

1.53 

440 

1.50 

(400) 

P 













o 













Time 

(Min) 


30 

60 

90 

120 

135 

180 

240 

250 



Volts 

( 90 

Amps) 

1.60 

1.59 

1.56 

1.52 

1.50 







( 30 Amps) 


1.61 


1.54 


1.50 


(242) 
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TABLE XI 


TEST RESULTS OF CELL #6 


Time (min) 

30 

45 

65 

80 

135 

180 

340 

370 

470 

(AH) 

Volts (135 

Amp) 1 . 52 

1.52 

1.51 

1.50 







( 30 

Amp) 




1.65 

1.64 

1.60 

1.58 

1.50 

(375) 


Time (min) 30 60 90 120 180 ‘ 200 230 260 

Volts ( 90 Amps) 1.59 1.58 1.57 1.56 1.54 1.50 

( 30 Amps 1.58 1.5 (360) 


EFJERGY RESEARCH CORPORATION 



EiMSHGY research CORPORATION 

TABLK XII 

NICKEL- ZINC 300 Ahr CELL NO. 3 


Cycle No. 


Charge 

ECV 

No. 

Pulse 

Capacity 

Ahr 

End of Discharge 
Voltage 1.4V 

1 

16A 

for 

19 

nrs. 

1.935 

1090 

252 


2 

16A 

for 

20 

1/2 

2.02 

962 

222 


3 

16A 

for 

18 

hrs. 

2.00 

812 

187 


4 

16A 

for 

15 

1/2 

2.00 

755 

175 

Valve Closed 

5 

I6A 

for 

16 

hrs. 

1.95 

912 

211 


6 

16A 

for 

16 

hrs. 

1.90 



•shorted* OCV 1.800V 
3 days standing to 
1-78 volts 

7 

16A 

for 

16 

hrs. 

1.88 

909 

210 


8 

16A 

for 

16 

hrs. 

1.90 

971 

224 


9 

16A 

for 

14 

hrs. 

2.0 

109 

25 

Check shorting 
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When current was applied, the cell voltage dropped to 1.40 
volts. Zinc penetration could be seen in many areas over the sep- 
arator face, but was most prominent along the bottom portion of 
the separator. Zinc v/as also seen grov/ing through the epoxy 
sealed separator frames along the edges. Considerable zinc erosion 
was noted along the top portions of the negative plate and shape 
change was estimated at about 25% which is high considering the 
short cycle life. 

Cycle testing was terminated on Cell #4 after the capacity 
decayed below ISOAhr as shown in Table XIII. Disection of this 
cell also showed zinc shape change and zinc penetration through 
the separator. 

Cells #5 & 6 V7ith the asbestos on the positive electrode 
exhibited better performance and were cycled 39 times. A gradual 
capacity decay was observed as shown in Tables XIV and XV. 

TASK IV - Fabrication of 7, 300Ahr Cells for Delivery to 
NASA 

Seven cells were fabricated for delivery to NASA-LEWIS in 
polysulfone fabricated cases with asbestos absorbers on the pos- 
itives. Additional epoxy was placed along the edges of the sep- 
arator frame to prevent zinc growth along the seal area. The 
cells were filled with 1550 cc of 31% KOH. 
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TABLE XIII 

NICKEL-ZINC 300Ahr CELL NO. 4 


No. Capacity 

Cycle No. Charge ECV Pulse Ahr 


1 

16A 

for 

19 

hrs. 

1,920 

1033 

238 

2 

16A 

for 

18 

1/2 

2,01 

1131 

261 

3 

16A 

for 

18 

hrs . 

2.00 

1013 

233 

4 

16A 

for 

15 

1/2 

2.00 

817 

189 

5 

16A 

for 

16 

hrs. 

2.00 

1152 

266 

6 

16A 

for 

16 

hrs. 

2,00 

780 

180 

7 

16A 

for 

16 

hrs. 

2.00 

1187 

274 

8 

16A 

for 

16 

hrs. 

2,01 

971 

224 

9 

16A 

for 

14 

hrs. 

2,01 

769 

178 

10 

16A 

for 

14 

1/2 

2.00 

755 

174 

11 

16A 

for 

15 

2/3 

2.00 

688 

159 

12 

16A 

for 

10 

hrs. 

2.00 

641 

148 


End of Discharge 
Voltage 1.4V 


Valve closed 
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TADLD XIV 

NICKEL-SINC 300Ahr CELL NO. 5 

No. Capacity 


Cycle No. 


Charge 

SCV 

Pulse 

Ahr 

1 

16A 

for 

19 

hrs. 

1.93 

1090 

252 

2 

- 16A 

for 

24 

hrs . 

1.96 

1518 

351 

3 

16A 

for 

20 

hrs. 

1.92 

1413 

326 

4 

16A 

for 

19 

hrs. 

1.90 

1324 

306 

5 

16A 

for 

19 

hrs. 

1.92 

1339 

310 

6 

16A 

for 

19 

hrs. 

1.95 

1222 

282 

7 

,16A 

for 

16 

hrs . 

i.89 

1200 

277 

8 

>16A 

1 

for 

16 

hrs . 

1.90 

1105 

255 

9 

16A 

for 

19 

hrs. 

1.94 

1286 

297 

10 

16A 

for 

17 

1/2 

1.98 

1105 

255 

11 

16A 

for 

15 

1/4 

2.00 

1200 

277 

12 

16A 

for 

11 

hrs . 

1.90 

743 

172 

13 

,16A 

t 

■16A 

for 

17 

hrs. 

2.00 

1131 

261 

14 

for 

16 

hrs. 

2.00 

1129 

261 

15 

16A 

for 

16 

hrs. 

2.00 

1157 

267 

16 

16A 

for 

18 

3/4 

2.00 

1218 

281 

17 

16A 

for 

17 

1/4 

2.00 

1156 

267 

18 

16A 

for 

16 

3/4 

2.00 

1108 

255 

19 

16A 

for 

15 

1/2 

2.00 

1088 

253 

20 

16A 

for 

15 

hrs- 

2.00 

991 

229 

21 

16A 

for 

14 

hrs. 

2.00 

1019 

235 

22 

16A 

for 

14 

3/4 

2.00 

1015 

234 

23 

lOA 

for 

18 

hrs . 

1.95 

831 

192 

24 

16A 

for 

16 

hrs. 

2.00 

1008 

233 

25 

16A 

for 

15 

hrs. 

2.00 

968 

224 

26 

16A 

for 

13 

1/2 

2.00 




27 


End of Discharge 
Voltage 1.4V 


Valve Closed 


Accident at Power Sujjp, 
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TABLE XIV 
(continued) 


Cycle Mo. 


Charge 


ECV 


No, Capacity End of Discharge 

Pulse Ahr Voltage 1.4V 


28 

16A 

for 

15 

1/2 

29 

16A 

for 

15 

1/2 

30 

16A 

for 

11 


31 

16A 

for 

11 

hrs 

32 

16A 

for 

10 

1/2 

33 

16A 

for 

10 

1/4 

34 

16A 

for 

8 hrs. 

35 

16A 

for 

9 1/2 

3G 

16A 

for 

8 h 

irs. 

37 

l&A 

for 

8 1/4 

38 

16A 

for 

16 

hrs. 


2.01 

896 


229.6 

2.10 

816 

200A 

188,5 

2.00 

696 

471 

30A 

130A 

232,8 



30A 

- 

2.00 

666 


153-8 

2.10 

530 


122.4 

2.10 

516 


119.2 

2.10 

631 


145.76 

2.10 

522 


120.58 

2.10 

492 


1] 3.7 

2.10 

448 


103.48 


508 


117.3 


160. 8Ah 
72 Ah 


232.8 


shorted voltage didn’t 
get 2.00V, on charge 
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TABLE XV 


NICKEL-ZINC 300Ahr CELL NO, 6 


No. Capacity 


Cycle No. 


Charge 


ECV 

Pulse 

Ahr 

1 

16A 

for 

19 

hrs. 

1.91 

1271 

294 

2 

16A 

for 

24 

hrs. 

1.92 

1581 

351 

3 

16A 

for 

20 

hrs. 

1.92 

1413 

326 

4 

16A 

for 

19 

hrs. 

1.89 

1324 

306 

5 

16A 

for 

19 

hrs. 

1,90 

1339 

310 

6 

16A 

for 

19 

hrs. 

1,91 

1222 

282 

7 

16A 

for 

16 

hrs. 

1.89 

1200 

277 

8 

16A 

for 

16 

hrs. 

1.89 

1105 

255 

9 

16A 

for 

19 

hrs. 

1.94 

1286 

297 

10 

16A 

for 

17 

1/2 

1.93 

1105 

255 

11 

16A 

for 

15 

2/3 

1.94 

1200 

277 

12 

16A 

for 

11 

hrs. 

1.90 

743 

172 

13 

16A 

for 

17 

hrs. 

1.95 

1131 

261 

14 

16A 

for 

16 

hrs. 

1.95 

1109 

256 

15 

16A 

for 

20 

hrs. 

2.00 

1341 

309 

16 

16A 

for 

18 

3/4 

1.98 

1250 

289 

17 

16A 

for 

17 

1/4 

1.97 

1156 

267 

18 

16A 

for 

17 

3/4 

1.98 

1105 

255 

19 

16A 

for 

15 

1/2 

1.96 

1088 

251 

20 

16A 

for 

15 

hrs. 

1.96 

991 

229 

21 

16A 

for 

16 

hrs. 

2.00 

1019 

235 

22 

16A 

for 

15 

hrs. 

2.00 

1180 

273 

23 

lOA 

for 

18 

hrs. 

1.95 

831 

192 

24 

16A 

for 

16 

hrs. 

2.00 

1008 

233 

25 

16A 

for 

15 

hrs. 

2.00 

968 

224 

26 

16A 

for 

13 

1/2 

2.00 




27 


End of Discharge 
Voltage 1.4V 


Valve closed 


Accident at Power Supp. 
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TABLE XV 
(continued) 


No, 


Charge 


ECV 

No, 

Pulse 

Capacity 

Ahr 

28 

16A 

for 

15 

1/2 

2.01 

896 

229.6 

29 

16A 

for 

15 

1/2 

2.10 

816 

188.5 

30 

16A 

for 

11 

hrs. 

2.00 

696 

160.8 

31 

16A 

for 

11 

hrs. 

• 2,00 

666 

153.8 

32 

16A 

for 

13 

hrs. 

2.10 

634 

146.5 

33 

16A 

for 

9 

1/2 

2.10 

612 

141.4 

34 

16A 

for 

12 

1/2 

2.10 

654 

151.07 

35 

16A 

for 

9 

1/2 

2,10 

585 

135.13 

36 

16A 

for 

8 

hrs. 

2.10 

492 

113,7 

37 

16A 

for 

8 1/4 

2.10 

448 

103.48 

38 

16A 

for 

16 

hrs. 


508 

117.3 

39 

16A 

for 

16 

hrs . 



OUT 


End of discharge 
VoJtage 1-.4V 


Shorted, voltage didn't 
get to 2.0V on charge 
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TASK JI B - 2nd Generation Test Cells 

Based on the dissection analysxs of cells number 1 to 6 , 
it was decided to modxfy the desxgn somewhat from the 7 cells 
delxvered to NASA. To evaluate these charges, 4 additxonal cells 
were assembled and tested prior to the completion of the Pinal 
135 cells. 

The new design featured the following modif xcations ; 

1. The use of the molded cell case and cover wxth a 12 
negative, 13 positive electrode configuration. 

2. Two layers of 6 - 7 mil thick Pellon 2533 poly- 
propylene on the posxtive electrodes xn place of 
the untreated asbestos. This materia‘1 was heat 
sealed along 2 vertical edges to form open top bags. 

3. The frame thickness on the positive electrodes were 
decreased by .02" to compensate for thickness build- 
up due to epoxy on the negative plate frames. 

The four cells were filled with 1450 cc of electrolyte 
subjected to four characterization cycles and then put on life 
test on the pulsed discharge. The charge and discharae result.s 
are presented in Table XVI. The four cells were run in series 
on discharge and the discharge was stopped when one cell reached 1.4V. 

The cells were cycled on the normal pulse discharge regime 

for a total of 34 cycles. The results of this testing is shown 

in Table XVII. Cells were recharged and given one discharge 

at 90 amps at cycle '18 and 35 as shown in Table XVIII and IXX. 

Discussions with NASA Technical Representatives revealed that 

there may have been a problem with the pellon polypropylene 
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Cell Type: 300Ah Ni-Zn 

Contract Ko.: 

Name of Test: Formation 

Cycle No. : 1 


TABLE XVI 

IHITIAl CYCLE RESULTS OF CELLS 3-11 

Charge Date: 3/23 3/24 

Charge Current: 16A 


Discharge Date . 

Discharge Current: 

V-Reading Interval; 
Cutt Off Voltage: 


3/25 ^ 3/26/75 
135A 
30A 

I-SOV 


Ceil No. 

Charge Time 
C: (Ah) 

ECV (V) 

OCV (V) 

Time 

Strt at: 9*28 
IDV 9 . 28 

9:38 
9.48 
9-58 
10:03 

10:11 

11:15 

12:15 

13:15 

14:16 

15.11 

16:11 

16:26 

3/26 7-51 

8 03 
8-21 
8:36 


Discharge Tune 
Co (Ah) 

Va (V) 


24 hrs. 
384 
1.900 
1.848 


1.684 

1.548 

1.523 

1.515 

1.494 

1.633 

1.651 

1.645 

1.640 

1.629 

1.619 

1.579 

1.559 

1.608 

1.501 


6.22 hrs 
183Ah 


273 



24 

384 

1.898 

1.850 


1.681 

1.548 

1.525 

1.517 

1.497 

1.636 

1.653 

1.648 

1.642 

1.631 

1.623 

1.598 

1.591 

1.640 

1.576 

1.550 

1.511 

1.495 

7.12 hrs. 
213Ah 


303 
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TABLE XVI 
(continued) 



Discharge Dates 

Discharge Currents 

V-Reading Interval: 
cutt Off Voltage: 


3/30 3. 3/31/76 
360A * 1.4V 
30A -► 1.5V 
60 ipin. 


3/29 'V 3/30 
16A 
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TABLE XVI 
(continutd) 


Cell Type 
Contract No.t 
Name of Tost: 
Cycle No. : 


300Ah Ni-Zn 

V + Cap. determ. 
3 


Charge Date- 3/31 'V 4/1/76 

Charge Current: 16A 


Discharge Date: 

Discharge Current: 

V-Reading Interval: 
Cutt Off Voltage: 


4/7/76 

ISOA 

30A 

l.SOV 


Cell NO. 

8 


9 


10 

1 






charge Time 

24 hrs. 


24 hrs. 


24 

i 24 






Cl (Ah) 













ECV (v) 

1.920 


1.915 


1 913 


1.921 






OCV (v) 

1.818 


1.817 


1.817 


1.817 






Time 













Strt at 8:40 








* 





IDV 8:40 

1.627 


1.600 


1.613 


1,620 

7 

18OA 


10 min. 


8:50 

1.501 


1.483 


1.496 


1.501 

J . 



30Ah 


8:51 

1.647 


1.645 


1.649 


1.649 






9:51 

1.661 


1.658 


1.664 


1.663 

\ 





10:51 

1.657 


1.653 


1.660 


1.659 

1 





11:51 

1.655 


1.650 


1.657 


1.655 

/ 





12 51 

1.651 


1.646 


1 653 


1.651 

/ 





13:51 

1.643 


1.642 


1.650 


1.648 

/ 





14.51 

1.640 


1.635 


1.642 


1.640 

I 





15 51 

1.631 


1.622 


1.633 


1.630 

\ 





16:21 

1.621 


1.621 


1.621 


1.621 


30A 












j 


595 min. 



4/5 8,30 

1.676 




1.676 


1.675 

1 


297. 5Ah 



8 SO 

1.608 




1.648 


1.612 

\ 





9-10 

1.593 




1.590 


1.592 

\ 





9 25 

1.586 




1.586 


1.532 

j 





9 50 

1.576 


1^1 


1.576 


1.571 

J 





10:20 

1.458 


1.508 


1.508 


1 496 






Discharge Time 



- 










Co (Ah) 

327.5 


327,5 


327.5 


327,5 






Va (v) 



* 
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TABLE XVI 
(continued) 


Cell Type 
Contract Ko. » 
Name of Tests 
Cycle No . : 


300Ah Ni-2n 

V + Cap. determ. 
4 


Charge Date. 4/5 -v 4/6/76 
Charge Currents 16A 


Discharge Date. 

Discharge Currents 

V~Reading Intervals 
Cutt Off Voltages 


4/6/76 

90A 

30A 

l.SOV 


Cell No. 

8 


9 


10 

Charge Time 

24 hrs. 


24 


24 

Cl (Ah) 

384 


384 


384 

ECV (V) 

1.930 


1.927 


1.927 

OCV (v) 

1.873 


1.872 


1.872 

Time 






Strt at 11 5 SO 






„ IDV 11s 50 

1,763 


1.758 


1.756 

12,20. 

1,599 


1.601 


1.606 

12sS0 

1.582 


1.584 


1.589 

13 s 20 

1.578 


1.581 


1.586 

o’ 13 5 50 

1.572 


1.576 


1.581 

* 14.20 

1.561 


1.565 


1.572 

W 14sS0 

1.538 


1.540 


1.551 

15-10 

1.506 


1,507 


1.527 

30A 15 s 10 

1.580 


1.583 


1.596 

15:40 

1.605 


1.607 


1.614 

16:30 

1.582 


1.586 


1.593 

4/7 8:05 

1.633 


1.630 


1.631 

8.35 

1.525 


1.532 


1.538 

8:45 

1.476 


1.506 


1.514 

Discharge Time 



1 



Co (Ah) 

350 


350 


350 

Va (v) 

j 

] 

i 

1 


- 



11 







24 

384 

1.935 

1.877 







1.754 
1 601 
1.582 
1 573 
1.579 
1.562 
1.535 
1.503 

1 

90A 


3 hrs + 
300A11 

20 min. 


1.582 

1.602 

1.578 

1.622 

1.522 

1.485 

1 
^ 30A 



100 min. 
50Ah 



350 





■ 
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TABLE XV I J 


Ni-2n 300Ah CELL NO. 8-11 


Cycle No. Charge 


1 

16A, 24 hrs. 

2 

16A, 24 hrs. 

3 

16A, 24 hrs. 

4 

16A, 24 hrs. 

5 

16A, 24 hrs. 

6 

16A, 24 hrs. 

7 

16A, 24 hrs. 

8 

16A, 21.25 

9 

16A, 18.75 

10 

19 hrs. 

11 

19.41 hrs. 

12 

18.75 hrs. 

13 

18 hrs. 

14 

17. 75hrs, 

15 

15.33 hrs. 

16 

15.4 hrs. 

17 

14.75 hrs. 

18 

13.58 hrs. 


ECV 

No. 
Pu] se 

Capacity 

Ah 

7.824 

1486 

343. 3 

7.795 

1460 

337.2 

7.822 

1415 

326.8 

7.824 

1400 

323.4 

7,85V 

1394 

322., 0 

7.02V 

1381 

319.0 

7.911 

1371 

316.70 

8.02 

1354 

312.8 

8.00 

1242 

286.9 

8.00 

1355 

313 

8.055 

1212 

273.9 

8.065 

1213 

280.2 

8.321 

1305 

255.2 

8.102 

1105 

255.2 

8. 183 

■ 1096 

253,1 

8.10 

1061 

245.0 

8.09 

935 

215.9 

8,05 

90A 

discharge 


manually 
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Cycle No. 

CORPORATION 

TABLE XVII Q-p 

(continued) 

No. Capacity 

Charge ECV Pulse 7vh 

19 

pulse discharge reading 

individually 

20 

15.5 hrs. 

8.10 

952 

219.9 

21 

14.12 

8.00 

936 

216.2 

22 

13.50 

8.05 

884 

204.2 

23 

13 . OOhrs . 

8.00 

874 

201.8 

24 

13 1/4 

8.00 

923 

213.21 

25 

13 hrs. 

8.00 

884 

204.2 

26 

13 1/2 hrs. 

8.046 

879 

203 

27 

12 1/4 hrs. 

8.00 

796 

183.87 

28 

12 hrs. 

8.00 

799 

184.56 

29 

11 1/4 hrs. 

8.00 

667 

154 

30 

10 1/4 hrs. 

8.00 

680 

157 

31 

9 3/4 hrs. 

8.00 

669 

154.5 

32 

9 3/4 hrs. 

8.00 

617 

] 42.5 

33 

9 1/4 hrs. 

8.00 

570 

131.67 

34 

8 1/4 hrs. 

8.00 

590 

136.2 
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TABIiE XVIII 



cell Type: 300Ah Ni-Zn (4 cells) 

Contract No. : 

Natie of Test: 

Cycle No. : 18 


Charge Date: 5/19 - 5/20/76 

Charge Current: 16A 

90A discharge 

record each cell individually 


Discharge Date. S/20/76 

Discharge Current. 90A 

V-Rcading Interval: 15 isin. 

Cutt Off Voltage: 1.30 V 


Cell No. 


8 


9 


10 


11 


Charge Time 
c: (Ah) 

ECV (v) 

OCV (v) 


13.58 hrs 

217.2 
2.01 
1.85 


13.58 hrs 

217.2 
2.01 
1.85 


13.58 hrs. 

217.2 
2 01 
1 86 


13.58 hrs. 

217.2 
2 01 
1.86 


Time 

Strt 

at 9-05 


IDV 

9:05 

1.727 


9:20 

1.603 


9.35 

1.571 


9-50 

1.561 


10:35 

1.505 


11:00 

1.376 


11.05 

1.301 


11.15 
11 30 
11:45 
11 55 

j 



1 

2hrs. 

ISOAh 


1 735 
1.614 
1.583 
1.576 
1.548 
1.525 
1 501 

1.542 

1.489 

1.415 

1.285 


2.66 hrs. 
239. 4Ah 


1.734 
1.616 
1.581 
1 574 
1.540 
1.511 
1.466 

1.540 

1.471 

1.242 


2,5 hrs. 
225Ah 


1.721 
1 606 
1.567 
1 560 
1 485 
1.275 



1.91 hrs. 
171.9 hrs. 


Discharge Time 
Co (Ah) 

Va (v) 


180 


239.4 


225 


171.9 


f 








TABLE IXX 


Cell Type! 
Contract No. 
Name of Test: 
Cycle No.! 


300 Ah Ni-Zn (4 cells) 


35 


Cell No. 


Charge Time 
C; (Ah) 

ECT (v) 

OCT (v) 


Tine 

Strt 

ID7 


at 08:39 
08.39 
08.54 
09: 09 
09:24 
09 39 
09 54 
10:09 


10 hrs. 
160 
2.00 
1.819 


1.694 

1.584 

1.550 

1.548 

1.530 

1.485 

1.274 


135Ah 


10 hrs. 
160 
2.00 
1.817 


1.700 

1.595 

1.564 

1.554 

1,551 

1.532 

1.526 


Charge Date: 
Charge Current: 

for 10 hrs. 


7/13 'V 7/14/76 
16A 


10 


10 hrs. 
160 
2.00 
1.818 


1 700 
1.595 
1.564 
1.564 
1.543 
1.509 
1.276 


135AJ1 


11 


10 hrs. 
160 
2.00 
1.818 


1 688 
1.582 
1,548 
1.545 
1.514 
1.292 


112. SAh 


Discharge Date 7/15/76 

Discharge Current: 90.A 

V-Reading Interval- 15 min. 

Cutt Off Voltage 1.30V 


Discharge Tune 
CO (Ah) 

Va (V) 


ENESGY OESEAflCH CORPOSATfOW 


material utilized in these cells. Apparently the non-v/oven 
polypropylene material contained some wetting agents that could 
be dilatorius to cell performance. On the basis of this, it 
was decided to hot v/ater v/ash the pelion prior to a ncorporation 
in the final cells. 

Leak testing of the molded 300Ahr cell cases revealed 
approximately a 50% leakage rate at the ultrasonic welded plugs 
in the bottom of the cell cases. It was therefore, decided to 
sandblast and place epoxy sealing cement over the plugs in all 
of the cell containers. 

TASK VI - 135 Deliverable Cells 

The final cells were constructed in t'..'o groups. The first 
65 cells contained NASA 10 separator material. The second group 
of 75 cells was constructed with a new more flexible asbestos 
coated separator material also supplied by NASA designated Kl9 . 
All the cells were filled with 1450 cc of 31% KOH and shipped ro 
NASA LEWIS. 




o'? ^ 
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APPIIKDIX A 


BFDOV/lOOl 


Or']i{/iTJOfIAL V/OPK n:STRUCTIOU SHEET 


Oi^crntion Tltlej 


PEOCEDUHE FOR ANALYSIS OF fa^RCUrjC OXIDE CORT):'.'? OF 
IJEGATIVE ELECTr:Oi)E I’CV.'EER lilXES 


I 

1 • KOOinTINT CTJIKED 

1.1 100 r.il pyrcx beaker, 

1.2 Triple bcarn balance, Sra'cent S- 3 ^i 3 Pj or equal. 

* ♦ 

1.3 Drying oven, electric, thermostatically controlled, 103 '’ 0 . 

l.U Plain Schoiblcr Deoiccators with active desiccant. 

1.5 Giainless .steel .spatuln. 

iXs 250 cc narro;/ n.ick Erlenmeyer flask, pyrex, 

1.7 Burette clamp and stand. 

l.B 25 ml cc| 3 acity Geissler burette. 


2 . MATERIALS PEOtfTRCD 

2.1 0.1 normal standard potassium thiocyanate solution (KCES). 

2.2 Ferric indicator solution (saturated solution of Iron (ic) 
ammonium sulfate. 

2.3 7*5 molur solution of nitric acid. (HNO^) ( 1 : 1 ). 

.3. ANAT.ynCAL PROCEDURE 

3.1 Using a triple beam balance weigh out 10 grtuns tl gram of the negativ. 
electrode mb: to be analyzed for mercuric oxide content into a 100 ml 
pyrex beaker. . 

• I. < 

3.2 Transfer the sampl'^ in the beaker to a tiiermostatically controlled 
electric oven set at 105” C. .AllO// tlie sample to rc.'uain in tins oven 
for at least A hours. 

3.3 Remove the cample from tb« ovoh and transfer rapidly to n desiccator 
vitb active d'-'ciceant. Allow to cool off in the d<T.iccator. 

3.J1 Weigii out 5. GO i 0.01 arums of the dried sample using a triple be.am 
baLunc^' an) train L.r all of tlie sample to a 25O cc Krlcixmoy'-r flack. 



ORIGINAL PAGE IS 
OE POOR QUALiar 
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AnTNDTX A 


HFDO //1003 


OFiDrATIO.LM, KOHK IX'CTR’JCTICX Gl.FCT 

Operation 'JCiUo: PHOOJjUrJi FOR A’lALYOjS OF j-ZRG;RIC OXIDE COilTEIir OF 

IlKCATixiJ E’J-JCTi.CDE iO’^DUH ?:X>rES 


3.5 Add 50 cc of 7.5 :no 3 ar nitric acid (l; 3 ) to the Erlcn’iicycr fliink and 
gently a’w'hl ..he liquid until the an.T'plc has dissolved. It is 
ijii^joitanl tha.1 all of the sarnple be completely dissolved. 

3.6 Add dicLillcd \,nter to the solution in the Erlc.'imoyor ilask so that 
the entire arcount of liquid in the flash is appro/,jjnately 100 cc. 

3.7 Add 1.5 cc of Ferric indicator solution to the solalicn in the fie.sX. 

3.8 Cool the contents of the fla.sk to 12 ° C. This nay be done by 
iXTCrsing ihc lla.j/, in valer at 50“ that ray be obtained iro.n 
refrigerated drinking fountains. 

3.9 Keeping the solution temperature loucr than 13 ° C, titi’atc with 0.1 
JI potassium thiocyanate standard, solution, proceeding very slo- 3 y 

. near the endpoint, iinlil a distinct reddish bro./n color per.'^ist:. on 
vigorous shaking. Use a 25 cc Gcisslcr burretto for this titration. 

3.10 Record the namber of cc of 0.1 IT KCliS required to completely react 
with the mercury in the sample. 

h. C’ALOTUA'rjriiiS 

4.1 One cubic centimeter of 0.1 nonnal KCKS solution is oquivalor.t to 
0.010830 gram of irarcuric oxide (H^O). 

4.2 a) cc of 0.1 H KCilS x 0.010330 = grains H O in sample, 

O 

b) grans H .,0 in .sample x 100 r/ ir ~ 

* g ^ = % H 0 in san.ple. 

5.00 grams ® 

3. KEFEKEHCRR 

3.1 "Treatise on Analytical Chemistry" by Kolthoff and Elving, Fart 
IT, Voluii,^ 3 , pp 3OW-30S. 
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APPHK’DfX A 


m-'])0 //ICO? 


operatic; *^ iL wo:<K ii.r.TRUCTion oiekt 
Operation TitDc: PKOCEDURB I'OR K^EPAR-ATION OF K’COATIVC MU 


1 , OBJIvCTIVE OF GnTvATTO:f 


The purporo of this onernticn D 3 to b3end to/-;otlter desired qw-ntitJos 
zinc oxide and rr.orcuj'ic oxide poxdcrs to form a horroyoneous mtcrial toi' e 
in the fabrjcatioe of zinc electrodes. 


2. M/.TERIAIA Fi:Cd;?ED 

IR) 

2.1 Zinc oxide - Horschead^ U.S.P. - 3 j 2 pradc; 

Nevr Jersey Zinc Company^ in 50 lb. cartons. 

2.2 Mercuric oxide - Anal,',‘t ical Reagent grade; 

J'Jalliiickrodt; in 1 lb. bottles. 

3 ' EC)'‘TP<?.m' REQUIRED 

3.1 Balance, 20 kg. capacity, Ohaus M'odelll ]9 or equivalent, 

3.2 Rilance, triple beam, Sargent S- 3 A 35 or cquivaient. 

3.3 Mixer, U..S. Stoneware ."Univer.sal" lab mixer, v'lth rotohedra] 
nixir.g units, 

3.4 Prying oven. Despatch, J-fodcl LD3-1-67 equivalent. 

3.5 Tray, stainless steel, 12" x 20" a 2-1/2". 

3.0 Spatula, stainless steel. 

3.7 Scoop, plastic. 

3.8 Beaker, piastlc, 100 ml. capacity. 

3.9 Jars; one gailon capacity; brovm glass. 

■ DiiTATi£D oip:»dTiotiAb procsr-u.ns 

li.l Place a stainless steel tray on the 20 kg. balance and tare it. 

U.Z Using, a plastic scoop, transfer 3920 g, of r.inc oxide fi-om its 
container to the trey. 

h.3 Place a plastic b-alvcr on the triple beam balance and tnre it. 


R-3. 


ORIGINAL P’AGE IS 
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APPrumx A 


BFDO //lOO; 


orc}j\T30r:AL \;op,k T::';i'i-ucTjcn sianyr 

OiJcration Title: PP.OCBDURIS FOR PHFPAR/tTiOIJ OF jrciGATIV’lS MEC 


U.U Usjnc 0 r.toinloc.'; Etool spatula, transfer 80 {j. of mercuric o-ci-lo 
from its container to the beaker. 

1|,5 Add both the zinc oxide and the nercrtric oxide to one side of the 
rotohcdral bifiider , aiterraeinj small ai'oia.ts of each so that th. ; 
raorc'OJ'JC oxide is eomeuhat dispersed throuf^hout the zinc o.cidc. 

h.6 Put the top on the bl^ndor and turn the blonder on. Let it run 
for 15 minutes ) then turn it off. 

4.7 Carefully remove th''^ blender cover, and vrith a stainless steel 

spatula f'cntly scrap--' any po^/der v.-nich had adhered to the blonder 
^/alls off the vails. Replace the blender cover. 

I|.8 Turn the blender on and let it run for U 5 minutes. Turn it off. 

4.9 Remove the blender cover and transfer the contents of the blender 
to a stainless steel tray. 

4.10 Place the tray containing the mi>d:ure on a shelf in the Despatch 
oven and allo-v it to dry overnight at appx'oximateiy 70“ C. Timtsfor 
the jna.terial to one gallon brQ.;n glass jars. Place caps on vne jars. 

5 . DlSFOSI'IIQ-i OF FRODUCT 

The negative mix is no\/ I'eady for analysis according to BFDO 1001. If 
aorc’iry content is correct the mix is ready for use in electrode fabricot Ion. 

6. OAFF.TY C0:";IDnRATI0i;s 


I’iircuric oxide is an accumulative poison and should not be ingested. The 
operator must keep this material off his skin, and must wash his han'ls and 
anns thoroughly aftei- '*>-posui-c to merevu-i c oxide. 
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APPHN’mX A 


BKDO //103'( 


0 )T 2 PATX 0 :iAI, './ORK H.'Ca 1 ?J CTICM .-..HCKT . . 

Operation litlc: MOLD rilCGOrK OF NKGATIVD DKC'i’RODE.O 

« 

X. OBJECTIVE 

To ii.'ike a ncrattvo electi'Ode of a f'iven size, vcic^t and Ihickncr.s by 
press ir.G mix around a collector grid, 

2 . FATEKTAL LrO'JIF.E R ICTG 

2.1 Kegativc mix fren RFDO f/l033' 

2.2 V/elded negative eJectrode grid from B?DO /(AlOlF. 

2.3 rotnssmm titanate absorber.^ from BFDO //lOll. 

2.4 P.V.A. solution from BFDO 7^1017. 

3 * KQuiPFS'-'y ?iEOUTrd:trFTS 

• 3.1 Three -piece mold. 

3.2 Bydrav.l ic press , Wabash ilcdel r?l00-15 SMAC or equivalent. 

3 . 3 Tc'-p ■> ng tool, 

3.4 Shim stock. 

3.5 Burgess Sprayer, kbdel VS-855. 

3.6 Spray hood. • . 

3.7 Klmv/ipes. 

3.8 Acetone. 

3.9 Vernier calipers, Helios. 

3.10 Throv-n\/ay filter mask, 3M brand. 

3.11 Rubber or plastic gloves. 

3.12 Kimtovrels.' 

4 . OreRATIOWAT. [.ETATIB 

4.1 Clean base plate with Kimwipc and place on work table. 


B*S. 




ConLrnct ^{AS3"■l9A15 


APPKHDTX A 


BFDO //30lJ| 


opBrwrioli'.L woluc xii:iTn:jcTiou siisuT 

Operation Tit3o: X»LD ITvTn^EIG OP liPGATm Eli’CTRODES 

U.2 VUpc curfacc a;' bate plate that vill cove in contact \/ith rilv~ 
with piece of Kirr,/ipo dipped in acetone. 

Jj.3 Clean mold with Kirsvripe and position on base pliitc, mtehin*' bacc 
plate pins vath pin holes in mold. 

i}.4 Tab slot jn mold sl.ould be positioned to\mrd operator. 

4.5 Pl/icc one piece of potassnun titanate on Kijstoucl np,ai>'>st back- 
board of spray hood. 

k,C Gpr&y P.V.A. solution from RFDO jflOl? on one surface of pota.ssium 
titanate paper. 

4.7 K'.mcve piece of potassium titanate paper from spray hood and po'ii 
lion in bottom of mold, I'ct side up. 

4.8 l\>ur l/2 of prepared cup of negative mix into mold on top of 
potass i'mn tdtanate paper. 

4-9 Spread mix evenly v/ith tamping tool. The care taken in the even 
.spreading of the mix is directly related to the final thickness 
and quality of tl.c finished electrode. 

4.10 Prepare collector grid assembly by handforming the grid so that 
it will lie flat. 

4.11 Place collector grid assembly carefully on mix in mold, threadin'; 
tab through tab slot. It is importa.iit that grid lie flat on mix. 

4.32 Pour remainder oi' mix into mold on top of collector grid asjenicly 
1-hterial weighed per BFDO //1013. 

4.13 Spread mix evet ly ov.er grid assembly- \;lth taimiing tool. The care 
taken in the even spreading of the mix is directly related to live 
final thichnesr, and quality of the finished electrode. 

4.14 Repeat 4,5 - 4,6. 

4,35 Ronovc second ■niece of potac.siuin titanate paper from spray hood 
and place on top of mix in mold, v?et side do'xn. 

• 4.16 Clean punch with Kijr.vipe. Wipe sxirf.'ice of punch that will coisi' 
in contact with nix with Kitir/ipe dipiicd m acetone, 

4.17 Insert punch very slo-./ly into mold, to prevent blowout of mix. 
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APPOvDlX A 


IiFDO //1014 


0’i:KATJo;:'vr, work i.vjtru'Cxicr oiiiiKT 

Operation. Title; mU) Pia:r3r;]l?G 0? Kf.GATrv’E rLCCTRODES 


i^.l8 Place iROld a.*>scn;bly in center oC botto:n platen of press. 

Jf.l9 Place- 0.339 shii'is on each .side of irold. 

4.20 To turn cn press ihrov/ snain ,s\.'xtch on nack ri£;ht side of press. 

Posh pcTfiar on bvLtou at front right side of press. 

4.21 .Set pressure Gauge to 4o tons. 

4.22 ‘ Set tijr.er to 35 seconds. 

4.23 Pi'esc tv/o green eutton-? marled "close" simultaneously to close 
press. Do not release the green buttons i.atil the press stops. 

The pro-selectc:! pressui'c will .stop the press autcrsatically and 
then the green buttons must be rclca.sed. After the pre-set time 
intervs] the prers will open. 

4.24 Vfhen press opens, let the lo-./er platen travel do.m a workable 
distance then slop by pressing green buttons once sirmltaneously. 

4.25 Remove shims from mold and place on platens: 

4.26 Remove mold assembly and place on ’.’■ork table in an inverted, 
position. 

4.27 Remove base plate by carefully lifting off of mol d and electrode, 

4.28 Place heel and rhumb of each hand on either side of mold and prc:.s 
down, being careful not to touch edge of electrode. Hold will 

• drop leaving electrode free on top of punch. 

4.29 Pick up electrode by tab and check thickness MiUi Vernier calinor.5, 

4.30 Place electrode flat on area set aside for the drying of the. 
electrode. 

4.31 Rcforc the next step the electrode must dry overnight at room 
temperature. 

5. DTSPOOITIOT or PI’ODUC n’ 

llie electrodes are now ready for the inspection operation’ per DI'DO //IOI5 




0*7 
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AJ^rn'.'OTX A 


liFDO //lOlii 


I 0Jr;rAT10[{AI. miK ir.hrjVJCTIOU GJ-IEET 

Oi>craiion Iit3c: fni4) HiEGSHlG OF jlEGATlVE ELnCTHODFS 

• SAFETY CO’.'nTnKPATTCFO 

6.1 Tfis' iv;o pa]j;i buttons are dcsi(’nod to pj’evcnt any injury to the 
op'jrator's h;uvl end arr.s yirico tha press steps if bclh pain 
buttons Qr>: not pressed s inultancoiisi 5 % 

6.2 A filter rrask and rubber or plastic (;,lovcs should bo u'Orn dui’inj; 
this operation. 
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A)’PnNDTX A 


Bt’DO 


oram’TOBAL :;oR!: iKSTRUc'uon sir-cx 

Operaiiot. TilLj; JKDrKCTXO!! OP KJ'OATIVE En-CITODES 


1. OPJECTIVE 


Q’hc objective of thio operation is to insui'c that ncj'ativc electrodes 
are rcochanjcally accoplnblo anA arc 2.C0” i O.OI 5 " in uiclth and 
0 . 015 " in Icrpth (c.xlviinj V'.-' tab e;-rl:enGio!i), The r'car.iu'crn'jnt of thickne 
and the ueiching of each electrode ui31 be described in fFDO //lOiC. 


2. MATKRTAl, RESUTtn' T-:rr!‘s . 

^’ecGtivc electrodes from operation )3FD0 //1014, 

3 . KQUir; '!"rr feqoi it:- te 
V ernier calipers. 

Ij . Orr.PATTOlIAL DK'J'AHS 

4,1 There will be iOO'li inspection of electi’odcs for n’cchanical 

acceptability. Every tenth electrode will be checked for Afiuth 
and length. 

4*2 Inspection for mechanical acceptance, 

4.2.1 Dariiiged or crushed edges arc not acceptable. 

4.2.2 There shall be no evidence of separation of the prepor.,d 
jnix from the DTGfEX. coiXecfor grid. 

4 . 2.3 The KT paper absorber shall lie fDat on each vfide outer 
surface of the electrode and there shall be evidence of 
reasonable adherence of the KT paper to the clectiode. 

4.3 lioaoure \ndth of every tenth electrode \;ith Vernier calipers. The 
width .should be 2.80 ± O.OI 5 . 

4.4 ffcasurc length of every tenth electrode v;ith Vernier calipcr.s. 

The length should be 3.625 ± O.OI 5 . 

5 . Pisrogmo:! ck pnouncT 

The electrodes are now ready for vcighing, thickness measurements , and 
serialising per BFJiO //]0l6. 
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APJTND7X A 


DFDO ,7iOJ6 


oi'BPATiCifAL UGpK rur:TKucTioi? Gio;i:’r 


Oi>oraUon SIJCCVTKG A!m GnnLALIZIIiG OP irSGATIVB DIJDCTKODKS 

( inci;joL*:o upiG.-ai.-a ) 


1. OB-IECTIVB 

1.1 To record anO enourc i>ropar weicht anil tl'.icduie;>s of each electrode, 

3.2 'Jo apply io.'^u3alion slc-cvirr; to each electrode. 

1.3 To C 1 V 3 each electrode a traceable serial number, 

2 . PAIPHI/’TG r.’EO'ripF::?) 

2.1 Pressed and inr, 3 x.c 1 .ed ncjeotDvc electrode, 

2.8 Heat shrinkt'.blo FHP spaghetti FEP H5T. 78 (pi'ocul to 1/2" ler.^'tlin). 

2.3 While coding tapes with consecutive numbers starting with OOOl, 

EZ Code. 


2.4 Traceability and inspection form. 

3 - • PQUi Pi feo’ tTG)-pr.?rrs 

t 

3-1 Triple bcaun balance, Sargent S -3435 or equivalent. 

3.2 Vernier Calipers, C" hcleos. 

3.3 Black ink pen. 

4. oieuatiq::al betaUsS 

4.1 Sot balance to r.ero. 

4.2 rich up electrode by tab or edge and place on balance tray. 

4.3 Ad.iust be lance v;cights until pointer c\/ing.~ an cqu.al distance 
on cither sid - of zero mark, 

4.4 Record vcight on traceability and inspection form. 

4.5 Tlic electrode vcight must fall in the range of 37.8 to 39. 0 grern. 
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Al'PIlfJmX A 




OKl'ATlOirAt L’0:\K 111^1 uUCTJOir ShA'ET 


OjJcratic.T TiUc: SlJX'VIi:^ AM) f:r:XIALl2Ii,3 0 ? J.'ECATIVE ELECTKODDG 

(lECLUL'l.iG Ui.lGHinc) 


Jl.O E'jco'"! n’ii.ibor in noTjcil number coDvimn on Cairo line as recorded 
v.’ci~nt of oiectrode. 

A. 9 C'-ioel: ihiel'.nocc of electrode ovez’ its entire area v/ith a ternic 
Cdiiper c'Vi record averacc thickness on Ino traccabi 3 i t .y an 
inspection forni on cam--- lire as serial nui-bor. 

Ii.lO The electrode thicl:r.css must fal) i/ithin the ran^e of Qd to f>0 
mils. 

t|.ll All traconlJlity data o; form must corrcrponl vdth nctiia) Jnr.a 
of cOcctrod-i. 

Il.l2 Fileclrodcs a.rc iiou stored in plastic boxes. 

5 * bl.SrO.SITIO!.' OE 


Electi'odcs are noi' ready for use inuei’" 'rub-a.sfl'’abliec . 
to soclion 3- !• 


cCer 
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•• Arprnnxx a , 


BFDO //JCl? 


OPCRATIOICAL VOPK II/CTRUC'riOlf Gl' GJT 
Opcmt. ' Title: PPJIPARATJOH OF IVA COi;jTiOX 


1. o r^JT:c':^'F oit^raticm 

The piirpn.'it or this opevntion i.s to prepare a solution oj? polyvanyl 
alcoliol in vaicr for use in the fabrication of zinc oxide electrodes. 

2 , I'ATfflTAL iFO;-lP-."i 

2.1 Polyvinyl alcohol - LuPont "Flvanol" Gre.d'^ 51 - 05 ; in 50 lb. baps. 

2.2 De- ionized i/ater, 

3 ■ {>RCMIRSn 

3.1 Trip]'.' bea!!i balance, Garjj;cnL G~3'i?>5 equivalent. 

3.2 Graduated cyl indo , 500 .ml. capAacity. 

* 3-3 Bealter, 8OO ml. capacity. 

3.J1 EcaF.cr, 100 ml. capacity. 

3*5 Stainless .'=tcel spatula. 

3.6 l-hpnetic stirrer, Sargent liodel H cr equivalent. _ 

3.7 Stirring bar, teflon coated, I-I/2 in, long. 

If. detat]j:d ciTPATTOPAi. rnoniR’nT: 

■ Jf.l Place a 100 ml. bcaher on the triple beam balance and tare it, 

1|.2 1 /cigh out 5.0 grams of Elvanol, using a stainless steel .spatula 
to tianofcr the 'rahcrjal from its bag to the bcat-or. 

If. 3 Pour Jf 95 ml. of de-ionizod water into a 5OO ml. graduated cyl;n'oi 

4 . If Esnpty the graduated cylinder into on 8OO r;l. beaker. 

4.5 Place tbe beater f'Oniainiii," ths v.'atcr on n ragnetic stirrer and 
drop a teflon coaVd stirring bar into tifc v'ator. 

4.6 Turn tlic stiirer on and adjust it to a rediiun stirring speel. 

* 

4.7 Slowly pour the Elvanol from its beaker into tnc water. 



I . c . ' . 

Contract Ki\S3-194l5 AlT]:HnTX A BFDO //1017 

' OKSRA'HOIIAA yOHK lilSTKUCTrOil SilEEl’ 

Operation Title; PFJiPAnAXIOII O? F/A nOLUTlO!! 

If, 8 Allou t)u; mixture to stir until all of the Elvanol has been 
dicaolved. 

A. 9 Turn the stirrer off. 

5 . Drrror.iTiO;? cf 

The product my bo stored in glass Jars vith plastic lined lids, or it 
inay be poured directly into the reservoir or tlse spray vhere it vill 

bo ready for use in electrode manufacture. 

I 

6, ShYF/PY CO'iS JDEli/.Ti OriG 

Morml laboratory safety „practices should be observed diurlng this 
operation. 
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